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ABSTRACT 

The principle objective of this project was to improve the 
benches used in the fabrication of semiconductor devices and to 
defects caused by particulate contamination. The end refsult 
improvement is to enhance the yield of the finished products 
overall manufacturing cost of the devices. 



cleaning ability of the wet 
reduce the number of 
of this cleaning 
which will reduce the. 



After the initial cleaning ability of the wet benches was de 
improvements were introduced. First a newly designed transducer 
tested for performance. Pulsing the RF excitation gave a marl 
cleaning ability without exceeding the average power delivered 
original tank design was then examined and a suitable design h- 
a considerably reduced footprint and with an ability to be adapt 
Tantalum covered the face of the original transducer. The new 
the presence of metal on the tank. Rinsing then had to be adc 
used a hot or cold overflow and some were quick dump rinse, 
one of the most effective rinse techniques but still did little for pu , 
in" Megasonic transducer assembly was designed to aid in tho 
Cleaning had reached a new high but the excitation of the tr 
The original RF source had servere limitations of power and ., . 
better amplifier proved fruitless due to reliability issues and a h 
be developed. A total class D (digital) generator with a phase 
control was designed and built. 



ermined, a series of 
was integrated and 
marked improvement to the 
the transducer. The 
been fabricated with 
£d to robotic systems, 
totally eliminated 
Previous tanks 
Huick dump rinse was 
particle removal. A "drop* 
removal of particles, 
transducer was still an issue, 
frequency. Searches for a 
ppwer generator had to 
ocked loop frequency 



to 
had 



design 
addressed. 



The new system design had several immediate paybacks, 
transducers was one fourth of the original ones and the n 
generators cost less than half of the initial model. Generator re 
non existent. The new transducer has a nearly perfect impedance match to the 
SfJ! ? t/.?° energy transfer ls extrem e ! y efficient and the. new generator uses less 
than half the power of the original system. Wafer particle removal in excess of 97% 
was now possible with an improvement in probe yield being 
Cleaning has reached world class with these developments. 



The cost of the new 
3wly designed power 
lability issues became 



immediately evident 
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SECTION I 
INTRODUCTION 



The improvement of the cleaning of silicon wafers used In the manufacturlna of 

KMS? 1 ^ been 3 conlinuing effort at the Harris 

located In Mounta.ntop, Pennsylvania, since the earliest days of its operation The 

SlrrV 0 ? e9aSOniC C,eanlng ,n 8 "Retiring environment were 
conducted at the Mounta.ntop plant during the time when it was part of the RCA Solid 

??70sS T°he ,ab ? ral0ry t6S i S fUn in the So ~ 'Potions In the 

mlmffoM. °r , 9 , " a, , work wa s conducted to provide a very clean substrate for the 

mSEZS £ l m& photovo,talc so,ar ce « «W The results of the initial work 
L oHh^l ^ 6re eXCe,,ent and Me 9 as °™ leaning became an integral 

manufeSur^ o afer "J*"? 0 31 the Mountalnto P P ,a <* The systems used were 
S2SS2?2 V ? uorocarbon < now Verte ^). a licensee of the original patent, and 

K£SlS E3£t " 6XPerienCe W3S ^ il W3S a ~ *£'*• «»* 

batf oart^vTh!! 1 ^ T[ e ^J"** t0 e,iminate the P^ce of the metals in the 
y . the 4U tanta,um fon surface of the original megasonic transducer, in 

teste T S^K? °3 \ hS C ! e3 !l in l efficiency 0f the wet bench ln 9eneral. In doing these 
LmniifiL^ determined that an alternative to the function generator/ power 
^^E* 1 The . re ?» ,ts * ^is work done by the Mountaintop Clean 
vpS^Sfyi Megasonic cleaning to a new level with some added benefits, - 

(1) A smaller footprint of the SC1 (ammonium hydroxide and hydrogen 
peroxide^ NH,OH+H 2 0 2 ) bath since the wafer carriers are moved front to 
back to front rather than left to right. This allows loading and unloading 
from a common point making the use of robotic control more feasible. 

(2) The motion of the carrier in a front to back to front transition gives an m 
double pass over the transducers and a double cleaning for the same m 
insertion. (jo 

— I 

Transducers have been redesigned with either a face of PVDF ^ 
(polyvinalidene fluoride. Kynar* trademark of DuPont ) or 5/4X quartz. > 
Elimination of metal contaminants in the bath is the result. £ 

(4) A recirculating filter system for the SC1 to remove the suspended 
%S$Z from ^ ebat ,h was added. A reduction in the reattachment of 
particles onto the wafers is realized after the process is completed. £ 

(5) The use of analog function generators have inherent drift and poor - 
accuracy, a phase locked loop generator on the other hand has the 
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(3) 



CO 

r 

m 



accuracy of its reference crystal, +/- .005%. Replacement with the latter 
provided a great advantage. 

(6) Power efficiency in excess of 85% is achieved with the use of class D 
operation compared with efficiencies of approximately 30% in class C 
operation. High efficiencies are attained with the use of power MOS 
output devices and CMOS logic control. 

(7) The introduction of Megasonic transducers into the quick dump rinse 
tanks added a new level of cleaning to the bench. 

(8) Major cost avoidances are: 

(a) The original design of the transducer incorporated a tantalum face 
in the bath chemistry and had a selling price of $6000 from Verteq 
In addition the matching of the transducer impedance to the 
amplifier is somewhat poor. A newer custom designed transducer 
with either PVDFor quartz faces, and a perfectly matched load 
characteristic were purchased for $1500 each from Blatek 
Incorporated of State College, Pennsylvania, a cost avoidance of 
$4500 each with superb reliability. 

(b) The original system employed a $5000 ENI 1040L class C power 
amplifier and a $500 Heath function generator. The 1040L had 
serious rolloff starting at 500KHz and was replaced with a $6000 
ENI 400B. The 400B had much better rolloff characteristics but 
had a high failure rate when operated in a pulsed mode. A newly 
designed $2000 class D power generator capable of operation to 
1.2 MHz at powers up to 1KW CW or pulsed was the answer. Cost 
avoidance of $4500 per unit was achieved in addition to better 
operational efficiencies giving lower overall power consumption 
improvements of over 50%. 

^ «'!Si2SW f - the elements will be examined as will the 

Seto* Smf^H?S h ° ,C ? '? the finlshed deslgn - tests w *re conducted at 

Pennsylvania Sector manufacturing plant located in Mountaintop, 

rZantnn t u AKh , ou 9 h ^ e test s have resulted in a finished desian in the wafer 
cleaning bench, work on other aspects of the process improvement T^Z^g. 
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SECTION II 
TECHNICAL DISCUSSION 

A. SYSTEM DESIGN 

1. Background 

2. Design Objectives 

the purcuit of these goalSwere ^ l8V<rf 
the cost avoidances that were reatirZ l„ .hi Dene ™t Tne b| 99est of course was 
other benefit was the aS in ' , " ? e matenals °n the bench but the 
changes due toTe ^mL^^^ ,urn a : ound on ««• design 
manufacturer to be EEK a n e « ^£22Tf " a0 ' Urer and the wil,in 9"^ of »» 
noted that the transduclrmanufLurer E1= l^T 50 "' 0 ? eanin9 - » shou,d be 
for Submicron Systems. SSh^te ^ manufacturer °' transducers 

3. Description 

a. Benchmarking 

«oSK^^^^^ 2"* W3S ^ ln "> tha ba «* to know a 
was used for ah^rbLrv ^ 

Megasonic actlordo^Sctu^v ^ Jf ' ?? , nlUal meas "^menL Although the 
give a means of measurino fho T ? V,tat,0n in the fluld - this m *ter was able to 
transducers werfbo™ r^SSSJ^^SSr * t6St media ' ™ e ** 

figure 1 is the resuUs o The date coHeJed^fhf ul? 3 ' f ° Wer ° f 250 watts CW ' «" 
the original Megasonfc tanfc The ant™ TJ^^ transducer that was used in 
uniform. In figure 2 SeAfei from 5^ d ,?£ U ? 0n ^ re,atlve,y n| 9 h but ** va <y 
Energy on the Average fe 8teU^I^^ W to, ^? UCe,8 fr0m B,atek fe show * 
note the match to ^Z^^^tS^^^ 1 ^ Unlform * M an added 
while the Blatek unit had a 1 02-l7atio r^lVT^fl^ approximately 1.75:1 , 
up with a means of making U^e Blatekfran«rfi i?S?if the ex P eri ™"t was to come 
*everte^^ 
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Figure 1 Cavitation Intensity (Cavins) 
Verteq Transducer 750KHz 250 Watts CW 




b. Project Development 



Once the benchmarks were established the level of energy in the Blatek transducer had 
to be brought up to at least the same amplitude as the Verteq unit. On observation of 
the surface activity the Verteq unit had a very sporadic rupture of the surface tension 
while the Blatek unit had a very uniform rolling of the surface above the transducer 
Again indicating that the Blatek unit had a more uniform distribution of energy. The 
breaking of the surface tension is not exactly a desirable characteristic since the 
chemistry used in these baths contain hydrogen peroxide which will break down 
extremely rapidly under the conditions of lost surface tension, vaporizing. Excessive 
power , which also causes vaporizing, does not aid in particle removal efficiency.^ 

Consideration was then given to pulsing the RF energy at a 50% duty cycle to allow for 
a higher energy level without exceeding the average power on the transducer. To 
make the pulse rate synchronous with the fundamental frequency, the fundamental 
was divided by 2 U using a 14 stage ripple carry binary counter/divider. In figure 3 the 
cavitation energy can be observed up to and exceeding the level of the original Verteq 
unit. The average level of the Verteq unit in figure 1 is 433 Cavins while the average of 
the Blatek unit in figure 3 is 504 Cavins. In addition to the increased" level of energy the 
pulsing of the RF has a similar effect as bead blasting in a pneudraulic system. With 
each molecule having an acceleration in the order of 100 kilograms being pulsed on 
and off at a rate of the fundamental divided by 2 14 , cleaning is very effective » 



800 




Figure 3 Cavitation Intensity (Cavins) 
Blatek Transducer 759 KHz 250 Watts 50% Duty Cycle 
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sizable footprint. lort^S^^^tl^r^ 1 ^ fr ° m te,t to **• ha « • 
moving toward robotic contort of such s«tZf» * ' hS °' her end - ^ the *** 

original tank wit just one insertfon XT Me9asonic actlon of 

suspension, it becomes ?c!»SrtK»' if 6 3fe dis,od 9 ed and put in 

become redeposite Tonto Kafe? surfaces ZZ° £ T** ^ m the batn the * *■*. 
To reduce this effect a' l£^raL^£^ the-Megwonte energy Is turned off. 
control the motion of the mter em^T* added ' The electronics to 

sensing of the transition iLSSS t£ PU $ t d DC 9 ear ™tor and fiber optical 
switch overhead anS nSl^J^SS^ " *?? un * the press of a &K 
operations, typica.ly 8 minuS ; per cycle * " * mat ° h the rest of ^ «** 
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Figure 4 
Newly designed SC1 tank 

H« The Transducer 
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the two crystals in the assembly. The first issue to address was the removal of the 
metal in the bath by replacing it with either PVDF (Kynar®) or 5/4X quartz. The second 
issue is the current density on the crystal conductors when only a single wire connects 
to the excitation. To eliminate this situation bus bars are used behind each of the 
crystals to distribute the current evenly. Shown in figure 5 is a typical crystal for the 
SC1 tank using a G10 glass-epoxy frame. Other frame materials have been used and 
of them the better choice is natural polypropylene since it is very easy to machine and 
has a minimal number of impurities imbedded. Kynar* is also being considered for the 
same reasons. ~ 




Figure 5 

A typical SC1 transducer and matching netwdrk 
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Hi- The Quick Dump Rinse Tank 

tha bulk °I t 5 e chemical cleaning is completed it is then necessary to rinse the 
residual chem.cals from the wafers. In the past the conventional rinsing technique has 
Deen to use a series of overflow rinse tanks of hot and/or cold Dl water. These are 

for ?hP !l^ S ? ? m ° Ve residual chemicals bu * ar e not very aggressive and do nothing 
ior me removal of any particulate contamination from either the previous baths or for 

£L^mL P . art !? eS th 5f may 06 introduced fr om the rinse bath itself. As an 
C?» c 6 ° verflow rinse a quick dumD rinse ls avallab 'e off the shelf from 
SSSSJr.? 5 !*^ New York ' These tanks as shown fn fl 9 ure 6 are neatly' 
SH fl a( lt fit ,n !°^ e bench quite easily - Wltn a controller from Modutech, San Jose, 
2 «^r q d tT. P rinse system can be Programmed to match the rest of the , 
D^ rS Sh J h ' S 1 conl L 0,ler uses electronics for the programming and 
pneudraulics for the external interface, eliminating the presence of metals in the bench. 
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^C^ter^ss! ,his very a " ressive rinsh9 ~ -5 * 




Figure 6 
Quick dump rinse tank 



iv. 



The Quick Dump Rinse Transducer 



at - times to keep any partides f„ 
functions a transducer SsTmblv had to b° aredum P ed - To perform these 

designed is a "drop-in" module Lt J£ The 3SSemb,y that was fina «y 

A float switch ^^S!^S2^^1^. to the ******* ™se tanfc 
when the water ievel is less en ™i in h ° u he modu,e to dlsable *• energy 
cooling. Appra*S5v M mm 1 °? r the transducer to Provide the necessary 
quartz !W T^X^^ZX * a so,id 17 mm - SSK 

patterns, (figure 7) ^ototte^r^ S 9 ? * e ,, water by a serles of interference 
the SC1 tank with a 50 % dutv ^t ^ Jl tran ? ducer «*0 the same method as 
energy on at all times keZsaw *T° 9 l™*"*' Ha vingthe RF 

meniscus when removing the ^te^^S *° m redep0Sitlng at 



v. 



The Phase Locked Loop Power Generator 



usVdTn thTse^e^ °TtuT^ to th « 

y esigneo tanks. In the ongmal systems a stand alone function 
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Figure 7 

Drop in quick dump rinse transducer assembly 

H«»?h a inof U$ , ed in con i unctlon w| th a stand alone class C power amplifier Tvoicallv a 
thl ^ nCtl ° n 9enerator was befn 9 ^ployed as the frequency SaisTwlh 

!? W| tn minor changes in environmental conditions. When the newer 

re?o^ (fi9Ure t ■? the method previously used to -fed the 

of Sucer effiS T. W h S PfV™* method t0 9et the maxi ™ m am <"<* 

transducer * mv J ^ T ° he,p fac "' tate usin 9 the designed frequency of the 

u^^^ lnternal fre ^^ «Hm2 instiled was 

and of course fhk »mn!-fi k™ 6 t J e . transduc er arrays was still the ENI model 1040L 

ffSS ?o?h a fe on' f H fr6qUenCy ran9e ^ ° ff Startl «9 * 5 °0 

the nnprSsIsf « f- . Sed to thls P oint nave a resonance of around 750 KHz: To aet 

80 KHi to 2?MHr^ !^ 00B J was selected - This amplifier has a bandwidth of 
pSeLnL prthtel "n If ""^ " $eemed to "* *• answer to the 
requires tot thl exdtaton h s XSTT'Lf' 0pera,ion of *• new transducers 
raid for ^£tt&S%£# *° % ra,e and e ™ ««*• the ENI 400B is 

^tteaXTperforaUht 1 ?^ b V ,i,tle equipment on ,he «»an market 
To address this nrnhtaT,? fre 0 u enoy and power levels required for this service. 

*rt ^ *«&To^Z*Z 0< ^ ***** a olass D amplifier 

■ s °- d ' 9ltal « ideal. The perfect answer to the needed driver 

* 
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Figure 8 

Typical transducer impedance analysis 

was a phase locked loop generator. In figure 9 the circuit shown uses a 4.096 MHz 
crystal with a +/- .005 % accuracy as its reference. This reference is then fed into the 
phase locked loop circuit to select the desired operating frequency needed for the ' 
transducer being used. From the PLL circuit the signal is then gated by an external 
switch closure to enable the output of the generator. The externally gated PLL signal is 
then gated internally one more time through a 14 stage binary divider before going into 
the driver section. From the driver section the signal is then coupled into the quad 
switch array which functions as the output stage. With this configuration of output 
circuit, powers up to 1 KW are available. The output signal is sampled by a window 
comparitor to indicate that the RF energy is active within an operational window or 
being told to be disabled with a green LED indicator. 

There were immediate benefits to the new design of this power generator. Physically 
the new generator occupies only 30% of the volume of the 1040L (850 cubic Inches vs. 
2880 cubic inches) and weighs about half the weight of a 1040L (32.5 pounds vs. 60 
pounds), both of these parameters do not take into account the external function 
generators needed when using the 1040L Two really big gains since it is extremely 
advantageous to mount these units above the wet bench to preclude damage caused 
by accidental chemical spills. Electrical efficiencies in excess of 85% are achieved with 
the class D generator compared with a 30% efficiency of the class C 1040L amplifier. 
Power consumption of about 900 watts for an output of 750 watts of RF energy are 
typical compared to 1500 watts for an output of around 250 watts. This reduced power 
efficiency is caused by operation above the 500 KHz limit of the 1040L 
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Figure 10 
The complete clean bench 

B. SYSTEM PERFORMANCE 

1. Benchmarking 

To run a performance test of a megasonic system there must be a suitable source of 
reasonably "dirty" silicon wafers. The standard technique for generating these wafers 
involves immersion in a 25% hydrofluoric acid deglaze bath. Typical results of this bath 
are wafers with 2000 to 3000 .3 urn particles per six inch wafer. Normally a Megasonic 
system is able to remove 99% of the .3 urn particles and tests run using a Tencor 7600 
Surfscan to evaluate the cleaning effectiveness verified these results. A complete wet 
bench incorporating all of the Megasonic improvements is shown in figure 10. 

2. Cleaning Efficiency 

Figure 11 shows how the particle cleaning efficiencies improved as the wet benches in 
the oxide photo strip and Z Megasonic clean operations were modified. On the graph 
in the fourth month of FY '92 a single strip Megasonic transducer was introduced into 
the Z Megasonic clean sink. In the ninth month of FY '92 a double transducer strip was 
introduced into the same sink and the particle levels continued to decline to an almost 
immeasurable level by the beginning of FY '93. At the beginning of FY "93 the Oxide 
Etch Photo Strip sink had a Megasonic tanks installed and particle levels in both 
operations were extremely low. Not shown is the .15 urn data which reached an 
efficiency of 97% after the bench modifications were completed. 
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HARRIS FISCAL YEAR 
Figure 11 

Particle removal improvement from Megasonics 

3. Yield Effects 

As each improvement was made with the wet bench cleaning systems in the fab there 
was a corresponding improvement in the average probe yield. In figure 12 each 
change in the bench cleaning component shows itsreflected yield improvement The 
introduction of the single strip Megasonic transducer in the fourth month of FY '92 
caused the yield to climb from the 50% level to nearly 70% very rapidly. With the 
introduction of the second transducer in the ninth month the level climbed again to 
almost 80% and finally with the introduction of the Oxide etch photo strip Megasonics in 
the beginning of FY '93 the yields stabilized at a little over the 80% level. 
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Figure 12 

Probe yield improvements from Megasonics 
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C. Conclusions 



The previously existing Megasonic cleaning systems were examined and their 
deficiencies were noted. After benchmarking the overall cleaning ability of these 
systems using standard "dirty" wafers, equipment improvements to make it compatible 
with the trends in modern semiconductor processors were initiated. First the original 
tantalum faced transducer was redesigned with a nonmetallic face at a considerably 
lower price, a better efficiency due to a precise impedance match and at a better 
reliability. Operation of the transducers at a 50% duty cycle provided an enhanced 
cleaning with no increase in average RF energy. 

Tanks used in the SC1 and the quick dump rinse operations were then redesigned to 
be more compatible with the industrial trends. The footprint of the SC1 tank was 
reduced to half its previous size and was able to be loaded and unloaded from a 
common point affording compatibility with robotic systems. Quick dump rinse tanks 
were introduced to benches that had overflow rinse tanks and a drop in Megasonic 
transducer array was developed to integrate particle removal into the rinse operation. 

The generation of the RF expitation for the Megasonic transducers had to be made 
more reliable and to that end a new digital power generator was designed and 
fabricated. The new generators operated more efficiently and was cheaper to 
manufacture than the previous equipment. 

Particle removal of better than 98% at .3 urn. from semiconductor wafers is easily 
attainable with the use of Megasonic cleaning systems of this generation. Cleaning 
efficiency of 97% at .15 urn. was als.o attained. Probe yields have increase from the 
50% range to better than 85% by FY '95 with each improvement reflecting a 
corresponding gain. 

The specific achievements made in this program have enhanced the ability to clean 
silicon wafers used in the manufacturing of semiconductors to a world class level. Most 
of these improvements are not yet commercially available but are under patent 
application and when completed could be licensed for manufacturing. 
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